strongly related to alcohol abuse, which is also involved in subarachnoid hemorrhage 5 . More recently, many morphological, biochemical and molecular studies have aimed at examining the change that alcohol promotes in the nervous system. Sathyan, Miranda and Golden have shown that high doses of ethanol suppress the expression of specific microRNAs (miRNA) during cortical neurogenesis (miR-21, miR-335, miR-9 and miR-153) 6 . Data using microarrays indicated that of these, miR-21 and miR-335 were the most highly suppressed, as miR-21 occurs through mechanisms of neurotransmitter action via, for example, a GABA A receptor-dependent mechanism. The miRNA sensitivity to ethanol behaves agonistically or antagonistically towards the survival and growth of the neuroepithelium, and the coordinated suppression of miR-21 and miR-335 explains why ethanol leads to the proliferation rather than the death of precursors of the fetal cerebral cortex. These data indicate that the miRNA sensitivity to ethanol controls important genes during development. MicroRNAs are a class of small RNA that negatively regulate gene expression at a post-transcriptional level. The discovery of small noncoding molecules has improved our understanding of the mechanism of gene expression regulation 7 . MicroRNAs contain 18-25 nucleotides that regulate the stability or efficiency of the RNA transduction messenger (mRNA) 8 . Approximately 40% to 50% of mammalian mRNA can be regulated at the level of miRNA translation. In mammals, specific miRNAs control development, neuronal cell fate and apoptosis
9
. Some studies have shown the potential of miRNAs as novel biomarkers of vascular injury and disease. The expression profile of miRNAs in rats with cerebral ischemia shows significant changes in several miRNAs that were highly expressed in ischemic brains, which were detected in blood samples 10 .
Little is known about the role of miRNAs in the case of cerebral ischemia especially as regards the glutamate neurotransmitter. The changes in the expression profile of this neurotransmitter in alcoholism are also relevant, as there is a public health concern of 20% of the population with somatic and psychic complications, with profound social repercussions. Therefore, not only it is our goal in this study, but it is of paramount importance that we clarify the role of miRNAs in the mechanisms involved in the imbalance of the glutamatergic neurotransmission in brain ischemia as well as its association with the possible damage caused by chronic alcohol consumption, which generates a broad impact on society globally.
METHODS

General procedures
The experiments were carried out according to the Ethical Principles for Experimental Animals and the study was approved by the Animal Experimentation Committee of the Medical School of Ribeirão Preto -University of São Paulo. Fifty adult male rats (Rattusnorvegicus) weighing 280-310g were used. The animals were randomly divided into five experimental groups: control: 10 animals sacrificed without being submitted to the surgical procedure; sham: 10 control animals submitted to complete simulation of the surgical procedure but without obstruction of the middle cerebral artery (MCA) and then sacrificed; ischemic: 10 animals submitted to focal ischemia by occlusion of the MCA for 90 minutes followed by reperfusion for 48 hours, and then sacrificed; alcoholic: 10 animals received ethanol diluted to 20% in water for four weeks and then they were sacrificed; and, ischemic and alcoholic: 10 animals subjected to the same treatment as the alcoholic group and after four weeks, were submitted to focal cerebral ischemia for 90 minutes followed by reperfusion for 48 hours. Weekly measurements of the weight of the animals were taken in the different study groups.
The preparation of these experimental groups included conditioning them to a brief period of gradual adaptation to the consumption of ethanol, which consisted of supplying ethanol diluted in water, changing its concentration gradually in weekly increasing doses of 5%, 10% and 20%. The initiation of the experimental phase was at the beginning of the third week of treatment.
All animals were partially anesthetized by halothane inhalation and intubated with an orotracheal cannula. On two occasions during the ischemic period, arterial blood samples were collected for the determination of glycemia, paCO 2 , paO 2 and pH. An MCA occlusion was created through the external carotid artery, which was ligated cranially and sectioned for the retrograde introduction of a 2.5 cm long obstructive 4-0 mononylon suture with one end thickened with silicone over a section of 5 mm. The suture was introduced until it reached the common carotid artery and then cranially progressed through the internal carotid artery to reach and obstruct the MCA.
After the period of ischemia, we removed the obstructing thread, replacing the temporary clampon in the common carotid artery to prevent the flow of blood and in the internal carotid artery to prevent the blood reflux. The proximal stump of the external carotid artery was permanently connected and the temporary clamps were removed. Then, the skin and subcutaneous tissues were closed in animals from the ischemic, and ischemic and alcoholic groups.
Analysis of microRNA-219 and NMDA gene expression (tissue and serum)
For the analysis of gene expression, 10 animals were used per group. A fragment was obtained from each animal and 1 ml of blood was collected at a single moment in the four study groups.
Total RNA was extracted with Trizol reagent (Applied Biossystems, USA) according to the manufacture's instructions. To verify the integrity of the RNA obtained, each sample was subjected to electrophoresis on agarose gel 1% RNA and put through the spectrophotometer that provides the RNA concentration in a sample of 1 to 2 μl. In addition to the concentration, this device provides us with values relating to the integrity of the samples (260/280 ratio). The ideal range to be obtained is 1.7 to 1.9.
To prepare the real-time polymerase chain reaction (PCR), reverse transcription of RNA samples was performed using the High-Capacity cDNA kit (Applied Biossystems, USA). The cDNA was amplified with quantitative real-time PCR using the TaqMan Master Mix (Applied Biosystems) for miRNA reaction.
Endogenous control for the reaction of the miRNA and the gene, was through the use of U6 and GAPDH, respectively. All reactions were carried out in duplicate and analyzed with the 7500 Sequence Detection System apparatus (Applied Biosystems).
Immunohistochemical analysis
The brain tissue samples collected were stained for histopathological and morphometric analyses, both by Trichrome Masson's stain, and immunohistochemistry for protein expression of NMDA.
The coronal sections of brain tissue (3µm) were fixed by immersion in 4% paraformaldehyde and embedded in paraffin and subjected to immunohistochemical analysis by the avidin-biotin-peroxidase method, and the brain tissue was incubated with NMDA antibodies.
The reading of the NMDA protein expression was performed in five animals of each group and two parameters were analyzed: a) Percentage of positively stained cells (neurons and glia cells) in area 1 (dorsolateral cortex) and area 2 (lateral cortex), both of the left cerebral hemisphere; b) Percentage of positively stained cells (neurons and glia cells) in the striatum (striatum -area 3) of the left cerebral hemisphere. In both parameters, the percentage of positive cells was calculated, from the count of the total number of positive and negative cells.
Statistical analysis
Data concerning the miRNA, gene and protein expression and morphometric analysis in the various groups were analyzed statistically by Kruskal-Wallis test followed by the Bonferroni post-test using the GraphPad Prism software (GraphPad Software, San Diego, CA, USA). The level of significance was set at p < 0.05 for two-tailed tests.
RESULTS
The miR-219 in brain tissue was less expressed in the groups submitted to cerebral ischemia, alcoholism, and the alcoholic and cerebral ischemia groups compared to the control group (Figure 1) . However, the expression of miR-219 in the blood was lower only in the alcoholic group and in the alcoholic and cerebral ischemia group when compared to the control group (Figure 2) .
The gene expression of NMDA neurotransmitter was greater in the brain tissue of animals with cerebral ischemia, alcoholism, and the alcoholic and cerebral ischemia groups compared to the control group (Figure 3) . The protein expression of the NMDA neurotransmitter in the brain tissue was greater in the mice in the cerebral ischemia, alcoholism, and the alcoholic and cerebral ischemia groups when compared to the control group (Figure 4) . Cytoplasmic positive staining for NMDA protein was observed in the three regions analyzed (dorsolateral cortex, striatum and lateral cortex of the ischemic focus in the nerve tissue of the left cerebral hemisphere) in all groups. Figure 5 shows the comparison of the expression of this protein among the four groups. 
DISCUSSION
This work aimed at evaluating the possible modulation of the NMDA receptor NR1 by the action of miR-219 in animals subjected to focal cerebral ischemia with or without an alcohol abuse model.
Seeking to clarify the molecular mechanisms involved in controlling the expression of NMDA receptors, the literature has highlighted the characterization of the expression profile of miRNAs in the modulation of neurotransmitters. In a study with rats subjected to cerebral ischemia by occlusion of the MCA and reperfusion for 24 and 48 hours, Jeyaseelan, Lim, Armugam performed a comprehensive analysis of the expression profile of the miRNA technique for large-scale analysis of microarrays, followed by the validation of the selected real-time PCR in the blood of animals as well as in ischemic tissue miRNAs 9 . Three groups of miRNAs were identified in the blood of animals. The first miRNAs were differentially expressed only in the 24-hour reperfusion brain samples, and some others overexpressed and underexpressed. The second group was comprised of miRNAs that changed their expression levels only after 48 hours of reperfusion. The third group was comprised of miRNAs that had different levels of expression in both periods of reperfusion 10 . Dharap et al. analyzed the role of miRNAs in the modulation of reperfusion in animals subjected to cerebral ischemia by occlusion of the MCA. The authors analyzed 238 miRNAs, of which eight overexpressed and 12 underexpressed 11 . It was observed that 20% of the miRNAs analyzed (47 of 238) show alterations over a period of reperfusion. Therefore, the study indicated that cerebral ischemia in the expression of miRNAs varies according to the time of reperfusion 11 . Kye et al. 12 analyzed the expression of 187 miRNAs by real-time PCR in embryonic cultures of hippocampal neurons. The authors evaluated the mechanisms involved in the regulation of miRNAs after the intraperitoneal administration of an antagonist of NMDA acid receptors (CPP) and found 32 miRNAs had changed.
In our work we analyzed the expression of miR-219 in ischemic brain tissue, which underexpressed in the group subjected to cerebral ischemia, the alcoholism group, and the alcoholic and cerebral ischemia group. We also observed an inverse correlation between the pattern of protein expression of NMDA receptor NR1 and tissue expression of miR-219.
Due to the specificity of miR-219 in brain tissue, other studies in the current literature have demonstrated the role of this miRNA in cerebral ischemia. Among them, Pai et al., who, after silencing Ago2 protein and RISC complex in rat long-term potentiation found by real-time PCR, discovered that the regulation of expression levels of several miRNAs, including the miR-219, was totally dependent on the NMDA receptor activation during long-term potentiation 13 . In another study, Kocerba et al. analyzed the expression of miR-219, a brain-specific miRNA, after pharmacological intervention (administration of dizocilpine) or genetic disruption (NR1 hypomorphism). The authors found that miR-219 quickly responded to changes in NMDA receptor signaling by two types of interventions 14 . Winbrad et al. have also demonstrated the regulation of the NMDA receptor by miR-219. The authors found that the activation of NMDA receptors during long-term potentiation leads to a decreased expression of miR-219, among other miRNAs 15 .
MicroRNAs have also been highlighted as biomarkers associated with various diseases, among which are cerebral ischemia and alcoholism. In this regard, Liu et al. 16 analyzed the expression profile of miRNAs in global cerebral tissue and in the blood of animals undergoing the following models of brain diseases: cerebral ischemia, cerebral hemorrhage induced by kainite, and epilepsy. Many overexpressed or underexpressed miRNAs were found in each experimental condition. The authors describe functions associated with common molecular mechanisms in brain tissue and blood as cell cycle, cell death, cell morphology and development of the organism, and they even suggested, according to the results, that some diseases are brain responses, similar in both brain tissue and blood.
In this work, when we analyzed miR-219 in the blood of animals, we found that levels of expression of miRNAs were reduced in the group submitted to alcoholism, and in the alcoholic and cerebral ischemia group when compared to the control group. This suggests that this miRNA may have an important role as biomarker.
Some studies have already demonstrated the role of miRNAs as biomarkers in humans. The study by Zeng et al. examined the expression of miR-210 in 112 patients with cerebral ischemia and compared it with 60 control subjects. The miR-210 showed 88.3% sensitivity and was a good candidate for a biomarker. This study also evaluated the expression of miR-210 in blood and in the tissue of mice subjected to cerebral ischemia, and a correlation between blood and tissue was observed in the expression levels of miR-210. Another study in humans has also analyzed the expression of miRNAs miR-21, miR-221 and miR-145 in the serum of 167 patients with cerebral ischemia. The patients had high levels of expression of miR-21 and miR-221 and low expression levels of miR-145 17 . The brain is one of the organs most affected by the action of alcohol on the body 18 . However, which events are associated with the damage of brain tissue due to alcohol consumption are still not clearly established. Therefore, many studies have attempted to establish the molecular mechanism involved in the cerebral action of alcohol, among them Zhao et al., who evaluated the influence of the amount/dose of ethanol consumption in animals subjected to cerebral ischemia, by occlusion of the middle cerebral artery for two hours followed by reperfusion for 24 hours. The authors noted an increase in the volume of infarcted region in doses of 6.4% ethanol, and found increased expression of NR1 NMDA receptor at the same concentration of 6.4%. However, at low doses there was a 1% reduction in the volume of the infarct region suggesting the neuroprotective effect of ethanol in low concentrations 19 . The majority of excitatory synapses in the central nervous system are mediated by NMDA receptors and several studies have shown that chronic alcoholism exposure increases the expression of the NR1 and NR2B receptors 18 . Trudell et al. reported evidence that the action of ethanol in the subunits of the NMDA and GABA A receptors is responsible for behavioral effects, one of them, for example, through the activation of Fyn protein, a modulator of the NMDA receptor in specific regions of the brain, which leads to an increase in NMDA receptor signaling, facilitating the increase in the consumption as well as consumption relapse 20 . Gorini, Nunez, and Mayfield analyzed the global expression profile of miRNAs in the cerebral cortex and midbrain of mice submitted to chronic intermittent alcohol, and found different levels of expression in the brain regions studied. These data demonstrate that the changes caused by alcohol in the brain tissue, as regards the expression profile of the evaluated miRNA region, is very important 21 . In another study, also by global analysis of expression profiling by microarray technique, Mantha and Singh analyzed the exposure to prenatal ethanol in adult mice and found 20 miRNAs differentially expressed, and subsequently validated the miR-302c. Further studies are needed to clarify the interaction between the pathophysiology of cerebral ischemia associated with alcoholism 22 . Based on our findings and literature, other miRNAs, with different periods of reperfusion, need to be evaluated.
